The unicellular green alga, Chlorella (15) and a budding yeast (12) are the organisms for which a useful technique in cell biology, the synchronous culture, was first developed. An excellent system under a light-dark regimen, established later, has long been utilized in our laboratory for studies of the cell cycle from physiological, biochemical and molecular biological viewpoints (1, 4, 6, 7, 8, 13) . In the system, the major energy metabolism is due to a single large chloroplast and the role of a single mitochondrion is obscure. Yet it was observed (15) that the large algal cells, grown photoautotrophically, carried out cell division and "cellular" division (liberation of daughter cells from a mother cell; Cf. (14)) aerobically in the dark, but could not fulfil the cellular division at least under anaerobic conditions (N2 atmosphere) in the dark. Thus, the mitochondrion is certainly indispensable for algal cell proliferation. This prompted us to examine the possibility of establishing HSC for the alga in order to help clarify the role of the mitochondrion in the alga as well as in other green cells.
We report here the establishment of a heterotrophic synchronous culture system * Present Address: Dept . of Botany, Poona Univ., Pune 7, India. ** To whom correspondence should be addressed . Materials. All the reagents used were of reagent grade. All water used was deionized with ion exchangers and filtered through a Millipore filter.
Algal Culture. The algal strain was Chlorella ellipsoidea (Tamiya's strain), which has long been used in our laboratory for cell-cycle studies in PSC (1, 8, 13 population density for the synchronous growth to be ideally in the range of 0.5-4.0 ml/l and permissibly up to 10 ml/l (the higher the density, the easier the handling of the culture for various analyses).
Effect of oxygen tension. We then examined the effect of oxygen tension in the bubbling gas (bubbling prevented sedimentation of the cells) on the algal cells that had been actively grown in 3% CO2 in air and then transferred to another oxygen tension in N2 (Fig. 2) . Upon the transfer to 0% O2, the increase in cell mass of the algal cells stopped completely, while the cell number increased slightly, but only during the early period. In the later period, the cell number remained unchanged. However, upon transfer to 0.5% O2, the algal cells continued to grow though at a low rate; the cell mass increased more quickly than the cell number. With increases in O2 tension, the algal cells grew at higher and higher rates, gradually reaching cells is due solely to respiratory activity by the single mitochondrion and its change during the cell cycle is closely related to the mitochondrial division cycle, as has been noticed in PSC (4, 13) . The characteristic changes in activity are shown in Fig.  3 . We observed a lowering of the activity during LOP and a rapid activation during the early phase of HOP (the same trend was also observed in the dark and the early phase of the light period in PSC, respectively), and a high and fairly constant activity (per cell mass basis) between these two periods. Interestingly, the respiratory activity at the high and constant value was exactly twice that found in the autotrophically grown cells (14) . Synthetic patterns of biomolecules. A synchronous culture system can be characterized by the patterns of synthesis of various biomolecules together with changes in cellular activities during the cell cycle, among which the pattern of DNA synthesis is most important. The DNA, RNA, protein and chlorophyll contents (this algal strain synthesizes chlorophyll actively even under the heterotrophic condition) were assayed during the cell cycle, as shown in Fig. 5 .
All these synthetic patterns resembled, as a whole, those found in PSC (5, 7, 8, 13) (the rate of mass increase was lower in HSC than in PSC). This indicated the active mass increase was due to active syntheses of both RNA and protein during HOP, which consisted of G 1 -and S-phases (as during the light period in PSC), and the whole process of cell division during LOP (as during the dark period in PSC). Above all, it is remarkable that the two-step increase in the DNA content was exactly the same as that observed in PSC (5, 8, 13 ) with respect to the relative timing and the relative increase in quantity. 
DISCUSSION
The synchronous culture system described above is the first heterotrophic synchronous culture system for green cells, and also the first successful one performed by the gasometric method, the high-and low oxygen-tension regimen. (There was one report of an unsuccessful trial of an HSC on an amoeba by the gasometric method, the alternation of bubbling with N2 and air, with no result shown (11)). Our system produced repetitive results as well as a division index of almost 100%. These findings were comparable to those in PSC. The stress imposed on the culture to obtain the excellent repetitiveness resulted in transitional phenomena represented by changes in respiratory activity that might be mainly due to cell adaptation to the changes in atmospheric O2 tension. This kind of transitional effect is rather inescapable in such a synchronized culture system. In PSC, where the culture is under the light-dark regimen, photosynthetic and respiratory activities decrease in the dark and recover rapidly upon illumination (4, 13) . However, the system is considered to be useful for investigating the events and the regulatory features in a cell division cycle under heterotrophic conditions for green cells. The merit of the cell-synchronization appears to be that the stress is not as drastic or harmful for cell functions. Hence, the system may be applicable for other green cells and nongreen cells, including animal cells.
The increase in the DNA content in the middle of HOP appeares to arise from the replicative synthesis of the algal chloroplast DNA, followed by that of nuclear DNA, as was proved in PSC (3, 8) . Correspondingly, the content of chlorophyll increased significantly after the middle of HOP, but was reduced during LOP to the level at the beginning of the cell cycle. Although nothing can be concluded about the replicative synthesis of the mitochondrial DNA at this moment, the events in HSC in the division cycle for the three DNA-containing organelles, nucleus, chlotoplast and mitochondrion, may be almost the same as those in PSC, as illustrated in Fig. 6 . As stated, the higher and constant respiratory activity of the heterotrophically grown cells (the growth rate being maximal) was exactly twice that in the algal cells growing at the maximum rate under photoautotrophic conditions (using nitrate as the nitrogen source) (4). Thus, it is interesting to examine whether or not the mitochondrial DNA content in HSC is twice that in PSC in order to cope with the demand for biosynthetic energy under the nutritional conditions.
The final yield of the algal cell mass in the batch culture in which the glucose was consumed and the respiratory activity of the actively growing cells (that obtained for the middle G1-to S-phase cells) enabled us to determine a balance sheet for the production of the algal cells from the nutrients in terms of the four major elements, as follows:
Thus, 545 mg of glucose is utilized to produce the algal cells of 1 ml PCV (= 250 mg dry weight) using nitrate as the nitrogen source; 22 gm of glucose should yield 40.4 ml cells. This value agrees well with the experimentally obtained value of 41.6 ml, indicating the validity of the equation. Hence, the efficiency in converting glucose into the algal cell mass using nitrate as the nitrogen source was 54%. Forty-six percent of the total glucose given was utilized for the biosynthetic energy source by complete oxidation. Thus, the algal cells consumed 53 mmol of ATP to produce 1 ml PCV cells or 250 mg cell mass using glucose and nitrate (provided 38 moles of ATP were produced from one mole of glucose by the complete oxidation).
